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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the application of: 



Paulus DE LAM3E et al . 



Serial Number: 09/763,355 



Group Art Unit: 1725 



Filed: February 21, 2001 



Examiner: Tran, Len 



For: FLUIDIZED BED METHOD AND REACTOR FOR THE 

TREATMENT OF CATALYSTS AND CATALYSTS CARRIERS 



REQUEST TOR RECON SIDERATION 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 January 18, 2006 

Sir: 

In response to the Official Action mailed October 19, 2005, 
please reconsider this application in view of the following 
remarks. Claims 1-3, 5, 14, 15 and 17 are pending. 

Examiner Tran is thanked for indicting the allowability of 
claims 14 and 15. It is believed the entire application is in 
condition for allowance for the reasons set forth below. 

The 35 U-S.C. § 102(b) rejection of claims 1, 5 and 17 over 
U.S. Patent No. 4,740,551 to Foster is respectfully traversed. The 
claimed method is a method for activating and /or calcining olefin 
polymerization catalysts which contain transition materials as an 
active component, or g^talvst supports which contain oxidic 
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U.S. Appln. S.N. 09/763 r 355 PATENT 
REQUEST FOR RECONSIDERATION 

compounds as a support material . The method steps include the following: 
{a) introducing and distributing gas in the lower section of 

a reactor containing a layer of catalyst or catalyst support, 
(b> forming a fluidized bed in the reactor, 

<c) treating the catalyst or catalyst particles in the 
fluidized bed, wherein the treatment of the catalyst or catalyst 
support is selected from the group consisting of an activation 
treatment, a calcination treatment, and both an activation and 
calcination treatment, and 

(d) discharging the reactor such that said reactor is 
substantially residue- free, 

with the method employing a reactor which has a bottom which 
tappers downward, but does not have a gas distribution plate. 

Foster fails to disclose or suggest the claimed methqfl for 
activating and/or calcining gatfrlypts or cat<=qyfft supports . 
Instead, Foster discloses a multistage, continuous process for the 
preparation of propylene-ethylene impact copolymers in which the 
catalyst passes through a first polymerization stage in liquid 
state before entering fluidized bed reactors in second and third 
stages. Importantly, the catalyst is at best deactivated, rather 
than activated, during the polymerization. See Col- 2, lines 56-59 
of Foster. 
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A second feature of the claimed method is the use of a 

f luidized bed reactor which has a bottom which tapers downward, but 

which does not have a gas distribution plate, fostex also fails to 

disclose this feature of the claimed method. 

The Patent Office is assuming that Foster 's reactors have no 

gas distribution plate. However, Foster's second and third stage 

fluidized bed reactors at least preferably have a distribution 

plate. More particularly, the details of Foster's fluidized bed 

reactor system are disclosed in U.S. Patent No. 4,543,399 to 

Jenkins, III et al, which is incorporated by reference in Foster at 

Col. 4, lines 34-38. The Jenkins. Ill et al . fluidized bed reactor 

preferably has a gas distribution plate 28 (Col. 6, lines 41-45 and 

Col. 7, lines 13-33) . Foster also states its reactor has a 

manifolded vertical pipe distributor, with the open ends of the 

distributor plates pointed downward in close proximity to the 

bottom conical surface of the reactor. See Col. 8, lines 24-28. 

This manifolded vertical pipe distributor works in conjunction with 

a distribution plate and has the same function as deflector 32 in 

Jenkins. Ill et al . See Col. 6, lines 59-62. It helps to 

homogenize the gas distribution over the gas distribution plate, 

and helps to avoid settlement of particles onto the conical bottom 
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of the reactor below the gas distribution plate, which causes 
fouling in the reactor. 

Reconsideration and withdrawal of the anticipation rejection 
of claims 1, 5 and 17 over Foster are earnestly requested. 

The 35 U.S.C. § 103(a) rejection of claims 2 and 3 over ?<pgtey 
in view of U.S. Patent No. 5,674,795 to Waaserman et al . is also 
traversed. As discussed above, the claimed method is a method for 
activating and/or calcining olefin polymerization catalysts which 
contain transition materials as an active component, or catalyst 
supports which contain oxidic compound as a support material. The 
method employs a reactor which has a bottom which tapers downwards, 
but which does not have a gas distribution plate . 

The cited combination of references fails to raise a prima 
facie case of obviousness against the claimed method. More 
particularly, the deficiencies of foster , discussed above, are not 
remedied by the additional disclosure of Wassermar* et a 3- , , which is 
cited merely to show a cyclone. Reconsideration and withdrawal of 
the obviousness rejection of claims 2 and 3 are earnestly 
requested. 

It is believed this application is in condition for allowance. 
Reconsideration and withdrawal of all rejections of claims 1-3, 5, 
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U.S. Appln. S.N. 09/763,355 F ™ 
REQUEST FOR RECONSIDERATION 

16 and 17, and issuance of a Notice of Allowance directed to claims 
1-3, 5, 14, 15 and 17, are earnestly requested.. The Examiner is 
urged to telephone the undersigned should he believe any further 
action is required for allowance. 

It is not believed any fee is required for entry and 
consideration of this Request, Nevertheless, the Commissioner is 
authorized to charge our Deposit Account No. 50-1258 in the amount 
of any such required fee. 



Atty Docket No . : BASE-102 
100 Daingerfield Road, Suite 100 
Alexandria, VA 22314 
Telephone: (703) 838-0445 
Facsimile: (703) 838-0447 

Enclosure: 

U.S. Patent No. 4,543,399 to Jenkins. Ill et al ■ 



Jaj 
Re< 



Respe/pt fully submitted, 
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[57] ABSTRACT 

A process is described for increasing the space time 
yield of polymer production m a fluidized bed reactor 
employing an exothermic polymerization reacti on by 
cooling the recycle stream to below its dew point and 
returning the resultant two-phase fluid stream to die 
reactor to maintain the fluidized bed at a desired tem- 
perature above the dew point of the recycle stream. 

39 Claims, 1 Drawing Figure 
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1 ' 

point of the recycle stream has until now severely re- 

FLUIDIZED BHD REACTION SYSTEMS strtcted the production rate. _ . 

The primary limitation on reaction rate in a fluidized 
This application is a continuation of prior U.S. appli- bed reactor is the rate at which heat can be removed 
cation Ser. No. 361,547, Mar. 24, 1982, abandoned. 5 from the polymerization rone. Aithough they differ in 

very important ways from gas fluidized bed reaction 
SUMMARY OF THE INVENTION systems, the same heal limitation problems exist in other 

This invention relates to a novel method for improv- types of reaction systems such as stirred reaction sys- 
ine the space time yield of an exothermic polymerize- terns and to Borne extent, slurry reaction systems, 
tira reaction* conducted in a fluidized bed reactor, by 10 In U.S. Pat. No, 3,256*263, heat removal in a stirred 
increasing the removal of the heat of polymerization reaction system is achieved by the compression of recy- 
from the reactor by cooling gases, continuously re- cle gaseB and expansion upon reentry into the reactor, 
moved from the reactor, to a temperature below the In other stirred or paddle-type reaction systems some 
dew point temperature of such gases and returning the additional cooling b effected by the injection of liquid 
resaltant two phase fluid mixture into the reactor to 15 onto the top of the bed. See for example US. Pat. Nos. 

maintain the temperature of the Quinized bed at the 3,254,070; 3,300,457 and 3,652,327. 

deskedl level U.S. Pat. Nos. 3,965,083; 3,970;6l 1 and 3,971,768 

assign to Standard Oil Co., cooling of a stirred bed 
BACKGROUND OP THE INVENTION reactor is supplemented by injection of liquids on the 

The discovery of the fluidized bed process for the 20 top of the bed. 
production of polymers provided a means for produo In U.S Pat. No. 4,012,573 (Trieschmann et aL) gases 
ing these diverse and widely used polymers with a dras- withdrawn from a stirred reactor are condensed to 
tic reduction m capital investment and a dramatic re- liquid and returned in liquid form to the stirred reactor 
dnction in energy requirements as compared to then where the liquid is brought into desired contact with 
conventional processes. The present invention provides 25 polymer in the stirred bed. 

a means for even greater savings in energy and capital Mitsubishi Petrochemical Co. has proposed the use of 
cost by affording a simple and efficient means for ob- liquids or regasified liquids for cooling in a gas phase 
tuning a substantial increase in production rate in a reactor (J No. 55/045,744/80 and DT No. 2 139 182). In 
riven size reactor over what was previously possible in both of these descriptions the liquid or regasified liquid 
a fluidized bed process, 30 is injected into the bed rather than entering with the 

The most common and perhaps universal means of fluidizing gas as in the present invention. DT No. 2 139 
heat removal employed in conventional fluidized bed 182 is specific to stirred beds rather than fluidized beds, 
reactor processes is by compression and cooling of the ha J No. 55/045,744/80 the liquid is regasified before 
recycle gas stream at a point external to the reactor. In being injected into the fluidized bed. 
commercial scale fluidized bed reaction systems for 35 In a fluidized bed reaction system, as distinguished 
producing polymers such as polyethylene, the amount from stirred ox paddle-type reaction systems, uniform 
of fluid which must be circulated to remove the heat of distribution of monomer and catalysts in the upwardly 
polymerization is greater than the amount of fluid re- moving gas stream is essential to avoid hot spots and 
quired for support of the fluidized bed and for adequate resulting polymer chunks. In stirred and paddle-type 
solids mixing in the fluidized bed. The fluid velocity in 40 reactors these problems are overcome by mechanical 
the reactor is limited to prevent excessive ertrainment stirring and agitation. A further reo^xirernent of a fluid- 
of solids. A constant bed temperature will result if the ized bed reactor system is that the velocity of gas flow* 
heat generated by the polymerization reaction (which is ing through the reactor be adequate to maintain the bed 
proportional to the polymer production rate) is equal to in a fluidized state. The gas velocity required to keep 
the heat absorbed by the fluidizmg stream as it passes 45 the bed m a fluidized suspension cannot be achieved 
through the bed, plus any heat removed or lost by other under normal conditions by mere injection of liquid at 
means! the bottom of the bed, Therefore, the direct liquid injec- 

Unfortunately, it has long been believed that the tkm cooling of a reactor, as described by Treschman et 
recycle gas temperature could not be lowered any fur- al. is not a viable option for a fluidized bed reaction 
ther than to a point slightly above the dew point of the 50 system. 

recycle gas stream. The dew point Is that temperature at DETAILED DESCRIPTION OF THE 

which liquid condensate begins to form in the gas INVENTION 
stream. Common practice has been to limit the tempera- . 
tore of the recycle stream at the outlet of the cycle heat While not limited to any particular type or kind of 
exchange zone to a temperature at least about 3° to 10' 55 polymerization reaction (so long as the reaction is of an 
C. above its dew point (see copending U.S. patent appK- exothermic nature), this invention is particularly suited 
cation Ser, No. 49,555 of June IS. 1979, now aban- to polymerization reactions involving the porymerfza- 
dened, equivalent to published European Patent Speei- tk>n of one or more of the monomers listed below: 
fication No. 0 021 605, page 22, lines 8-22). This as- 1. Olefin type: ethylene, propylene, butene-I. pentene-1, 
sumption was predicated on the belief that the introduc- 60 4-methylpentene-l, hexene-1, styrene. 
tion of liquid into a gas phase fluidized bed reactor IL Polar vinyl monomer type: vmyl chloride, vinyl 
would inevitably result in plugging of the distribution acetate, vinyl acrylate, methyl methacrylate, tetraflu- 
plate, if one is employed; non-uniformity of monomer oroethylene, vinyl ether, acrykmitrile. 
concentrations inside the fluidized bed and accumula- III. Diene type (conjugated and nori-conjiigated): buta- 
tion of liquid at the bottom of the reactor which would 65 diene, 1,4-hexadiene, isoprene, ethylidene norbor- 

interfere with continuous operation or result in com- nene. 

plete reactor shut-down. For products, such as those IV. Acetylene type: acetylene, substituted acetylene, 
using hexene as a comonomer, the relatively high dew such as methyl acetylene. 
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« *« v ««-fa™ a l^hvde.: .:.:.;>....=. ■■ i •. i ■ i ■. • point Ja the system,' Examples .of; such frokb;are*stJi"! . i ; 

■ i^^SSc^SSSipIoy^u. the fluids ; Sed ******* such : as few pcntaoes; 

£ rtttSSta ^^o^^wT^Lteditoi : . , streamed quite Wg*,:as ager*ral rule; ' * 

■ i^rJnnto £en found to be especially advantageous. : ! ; = not -exceed about 20 woght .percent and preferably: , 

I ^r^fo^J^restav .particularly, .polymers. ; i : always. :W;te j* £2f 51^2? ■ : 

: produced .f^.mcmonWis ^ticedtby, .passing a; : = *n*m* high enough ;to j^^J^ \ 
: Ceo^stroarn containing one orniofe inoaomen coii^ 10. pension, in: the gas .and .to support the .fluKtaed .bed = . 
• Smunuiw thmnskafiuidized bed reactor; under reactive! : • > within the ireaotor.i . i ; i , i ; i ! ; ; ::=...!..••:: . . ■■ ■■ sm ■ ><.■■>> 
tSSSS^^SSSSS^S^ The gaseous. » • ■ The entry, point s foe ^^"gi^ ! ; 
= ««m eS.^tag iwireeeted gaseous nwnomer as:***: i ; i should, be . below. Jhei fluWaed. bed, tol^^"; ; ; 
i d«rwn ftoaT^f reactor. ieEuoualy.; iwn*ressedV ; ; s zo^) to ensure unlforrwr, of the ^yn^V-Bc^wo> : ; 
i SSiaaSreeycled into the. reactor; Product is.wJt*; 25 stream and to maintain .thejbed; ? l «'™»^'<°"*£ 5 ; 

■ ^wn f^^ercactor- Make-tip monomer is added to. . . , tioiLiThe recycle sn^cortaJniB^raaed ik#l« . 

i T^Mytrteivfbrininsiieacti^ ■ -aion.ofithei reactor and roost preferably at ttervery- = 

= it nece^Siintaiirta wme&riiton the temperature: ■ ; , hotwa o« thereactor to wufwrotyofthejluxl, | ; 

i only^etow the resin <md catalyst desrBdatioo tempera- = : = i A 4»0ta orshnflar .means tot prevenunff region* oE : 
; i turesv b««aifieniperat«re below fteinaion or sticking; ■ v. iwr. &* wekjcky^tarthei vjcra'ty^ tto 1 
ta^raiare of resUi particles prodoced during the pd- = *ntey point may be provided tojteep soltojand ^quid* 
. ■ ^^aWreacUfflJrniis is necessary to prevent plus- : « = entrained in the- upwardly, flowtogj^efreanu . , . . ■ 
i ; i^orSei reactor due, to^rapids growth af .polymer: 33, , iAlthough thereits^no apparent >*m« d : 
: t fflcs whlchcanaot be r-Mwadte aeorrfmuous festoon the two^phase recycle stream:ean be divided lnto,t««3 or : 
t feu asiprodnot* wiU be aHderstoodi thereforei *hatthe; i : ; mote separate istreams, ^ ; ^™^=^^£*?^ ' 
amount of polymer th^icaiKbrprodticedinafluidiaedi . • . introduced directly:** * e f oJ ^ nra ^ li ^ffi 
bed reactor of a given size in a specified time period is vided that sufficient gas velocity below and through the 
dtaSfietoted to the amount of heat which can be 40 bed is provided to keep the bed suspended to all oases 
withdrawn from the Quinized bed. the composition of the gas stream b kept essentially 

In accordance with this invention the recycle gas uniform and flowing in a manner such that there .are , no 
Btreamb intentionally cooled to a temperature below dead spaces in the bed where unremovable solids can 

the dew point of tho recycle gas stream to produce a form. 

twcvphasegas-llquid mUture under conditions such that *3 It wiD be apparent that if jlesired. « is possible to fonn 
SSfpSsrid mfacture will remain entrained m a two-phase fluid stream within the reactor « he point 
the gas phase of said mixture at least from the point of of Injection by separately injecting gas and l^uid under 
entiylnto the fluidlied bed reactor until voladlLsed or conditions which will produce a two-ph^ stream, 
unttl missage into the Acidized bed. A substantial in- Little advantage is seen in operating in this fashion due 
creaseteswee time yield results from the practice of 50 to the added and unnecessary burden and cost of sepa- 
th» invention with little or no change in product prop- rating the gas and liquid phases after cootog. It may 
ernes or quality. When practiced as described herein the however, be desirable to Inject make-up numc«ner Into 
owraU process proceeds continuously and smoothly the reactor in this fashion. The injection of hqmd or 
and without unusual operational difficulties. gaseous make-up monomer at the point ^ 

ft may be desirable in some instances to raise the dew 53 two-phase recycle stream or elsewhere in the reactor or 
point of the recycle gas stream to further increase heat m the recycle stream m contemplated by this nvenbon 
re^L^Trecycte stream dew point can be in- The advantage of thbiuvenbon are not tmuted 1 to 
crewed bjr. (1) rafatag the operating pressure of the the production of polyolefin resins. This Invention can 
ractioa system; (2) increasing the concentration of be practiced in connection with any exothermic poly- 
condensibte fluids fai the recycle stream: and/or (3) « metization process earned out in a gas phase fhriized 
reducing the concentration of non-condensiWe gases in bed. The advantages of this invention over conven- 
the recwde stream. In one embodiment of this inven- tional processes will generally increase in direct relation 
tion. the dew point of the recycle stream may be in- to the nearness of the dew point temperature of tte 
creased by the addition of a condenslble fluid lo the recycle stream to the reaction temperature withm the 
recycle stream which is inert to the catalyst, reactams, 6S interior of the fluid bed. For obvious reasons this ^nven- 
and the products of the polymerization reaction. The tion cannot be used lo a reaction system ni which the 
fluid can be introduced into the recycle stream wUh the reaction temperature within its fluidized bed is below 
make-up fluid or by any other means or at any other the dew point of the recycle gas stream. 
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The applicability of this invention to the production 
of any given polymer can be determined by the use of 
the following formula: 



P— desired polymer production rate; constrained to 
rates giving X less than 1.0 without subject invention. 

H w — heat of polymerization of specific polymer 
being produced. 

Gmaw«mft£s flow rate of recycle stream; limited to a 
minimum value by the need for adeq u a te fluidization 
and raizing in the bed and to a maximum value by en- 
trainment of solids. Specific minima and maxima de- 
pend on numerous factors known to those skilled in the 
art. 

CPjuroheat capacity of the recycle stream. 
~ temperature of the reaction zone (fludd bed); 



10 



15 



the reaction zone. On start up, the reactor is usually 
charged with a base of particulate polymer particles 
before gas flow is initiated. Such particles may be identi- 
cad in nature to the polymer to be formed or different 
therefrom. When different, they are withdrawn with 
the desired formed polymer particles as the fiTBt prod- 
uct. Eventually, a fluidized bed of desired polymer 
particles supplants the start-up bed. 

The partially or totally activated precursor composi- 
tion and/or catalyst used in the fluidized bed is prefera- 
bly stored for service in a reservoir .16 under a blanket 
of a gas which is inert to the stored material, such as 
nitrogen or argon. 

Fluidization is achieved by a high rate of fluid recycle 
to and through the bed, typically in the order of about 
SO times the rate of feed of make-up fluid. The fluidized 
bed has the general appearance of a dense mass of indi- 
vidually moving particles as created by the percolation 
of gas through the bed. The pressure drop through the 



has maximum value depending on the sticking tempera- 30 ^ equal to or slightly greater than the weight of the 

*~ bed divided by the croefr-sectional area. It is thus depen- 



tureof the polymer at the pressure of the recycle stream 
and/or the catalyst performance, and a minimum value 
which is dependent on catalyst performance. 

Tumfi mi uUu inn temperature of the recycle stream 
entering the reaction zone as limited prior to the present 
invention. Tins temperature is either the dew point of 
the recycle stream or the cooling limit of the heat ex- 
change zone, whichever is higher. ITTnmtr ia the recycle 
stream dew point, the invention is practiced by simply 
cooling the stream to a temperature below its dew 
point If Ttimtt is controlled by the heat exchange zone, 
the invention is practiced by adding a condensable fluid 
to increase the dew point of the recycle stream to a 
t em perature above the cooling limit of the heat ex- 
change zone. 

Whenever the value of X is greater than 1, the use of 
this invention will afford a benefit and as the value of X 
increases, the greater are the benefits which can result 
from this invention. 



dent on the geometry of the reactor. 

Make-up fluid is fed to the bed at point 18. The com- 
position of the make-up stream is determined by a gas 
analyzer 21. The gas analyzer determines the composi- 
tion of the recycle stream and the <x3mposmon of the 
make-op stream is adjusted accordingly to maintain an 
essentially steady state gaseous composition within the 
reaction zone. 

The gas analyzer is a conventional gas analyzer 
which operates in conventional manner to indicate re- 
cycle stream composition and which is adapted to regu- 
late the feed and is commercially available from a wide 
variety of sources. Generally, the gas analyzer 21 can be 
positioned so as to receive gas from a point between the 
velocity reduction zone 14 and heat exchanger 24. 

To ensure complete fluidization, the recycle stream 
and, where desired, part of the make-up stream are 

rZo£c^ system which is particularly 40 ™£ZtT^ ^r^^^^L^ 
suited to production of polyoJefin resin by the practice * below the bed. There may be preferably a gas d*trfb- 



30 



33 



of the process of the present invention is illustrated in 
the drawing. With reference thereto, the reactor 10 
consists of a reaction zone 12 and a velocity reduction 
zone 14. « 

In general, the height to diameter ratio of the reaction 
zone can vary in the range of about 2.7 ;1 to about 4.6:1. 
The range, of course, can vary to larger or smaller 
ratios and depends upon the desired production capac- 
ity. The cross-sectional area of the velocity reduction 50 
zone 14 is typically within the range of about 2.6 to 
about 2.8 multiplied by the cross-sectional area of the 
reaction zone 12. 

The reaction zone 12 includes a bed of growing poly- 
mer particles* formed polymer particles and a minor 55 
amount of catalyst particles fluidized by the continuous 
flow of porymerizshle and modifying gaseous compo- 
nents in the form of make-up feed and recycle fluid 
through the reaction zone. To maintain a viable fluid- 



utor plate 28 above the point of return to aid in fhiidiz* 
mg the bed. In passing through the bed, the recycle 
stream absorbs the heat of reaction generated by the 
polymerization reaction. 

The portion of the fluidizing stream which does not 
react in the bed constitutes the recycle stream which is 
removed from the polymerization zone, preferably by 
passing it into velocity reduction zone 14 above the bed 
where entrained particles are given an opportunity to 

drop back into the bed. 

The recycle stream is then compressed in a compres- 
sor 30 and then passed through a heat exchange zone 
wherein the heat of reaction is removed before it is 
returned to the bed. The heat exchange zone is typically 
a heat exchanger 24 which can be of the horizontal or 
vertical type. The recycle stream is then returned to the 
reactor at its base 26 and to the fluidized bed through 
gas distributor plate 28. A gas deflector 32 is preferably 



izedbed the superficial gas velocity through the bed 60 metalled at the inlet to the reactor to prevent contained 



must exceed the minimum flow required far fluidiza 
tion r and preferably is at least 0.2 ft/sec above mrarnram 
flow. Ordinarily, the superficial gaa velocity does not 
exceed 5.0 ft/sec and usually no more than 2.5 ft/sec is 
sufficient. 

It is essential that the bed always contain particles to 
prevent the formation of localized M hot spots" and to 
entrap and distribute the particulate catalyst throughout 



65 



polymer particles from settling out and agglomerating 
Into a solid mass. 

The temperature of the bed is controlled at an essen- 
tially constant temperature under steady state condi- 
tions by constantly removing the heat of reaction. No 
noticeable temperature gradient appears to exist within 
the upper portion of the bed. A temperature gradient 
will exist in the bottom of the bed in a layer of about 6 
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and the temperature of the rernamdex of the bed. lys* «MW dSSStawr plate may cause polymerira- 

ope ran on of the reactor, ine iiuunzeo KU J: ^ f _-K,,,jrTLi- t . iniection into the fluidized bed, in- 

growing and formed particulate polymer parades, as 5 ^tributor P 1 ^^* 0 ,,^^, throughout the 
well as catalyst particles. As the polymer particles are stead, "the formation of localized 

^eS^SofrtSTSlh ^a preferred means for e^a^er may evenuuUly occur. . 

Gas dfctnbuttoa V*J*?°J**J^™^™ The catalyst can be injected into the reactor by van- 

"^^ILSSSSS^A 3? tebubbl^ »3 oJ^Sl It is preferred, however, to continu- 

SS^urtTnr the slate may be of die mobile type dis- yst feeder as disclosed; eg., in U.S. Pat. No. 3.77S.7 z. 
S^bI^ P No. SSb- Whatever IbTdesign. The cataly* is preferably fed Into the reactor at a point 
it ^stdiftae ^rec^Ie fluid through the particles at 20 to 40 percent of the reactor ^Jf™^™^ 
OMtttSm bedtoketm the bed hi a fluidized camfi- 20 reactor £eU «nd at £ heigtaof about 5 to about 30 per- 

Tue^ened type gas distributor plate 28 is gener- or argon, is preferably used to carry the catalyst mto the 
*n« of thn t vne which is fabricated from metal and bed. ..... . 

lich h^ST^ut^d across it, surface. The bole, 25 The rate of polymer production in the berfdepends 
arelormX of a diameter of about I Inch. The holes on the rate of catalyst injection and^cor^ntraOon or 
SandS^ iTpla^afld over each hole there is monomer(s) m the recycle stream. The production rate 
Sn^K^^gleiror, identified as reference is conveniently controlled by simply adjustmg the rate 
numeral 36 which is fixedly mounted to plate 28. The of catalyst injection. , . _ _ 

aprons sTrveTo distribute the flow of fhnd along the 30 Since any change in the nUe of catal y£ '«^» ™« 
jurAcTof the plate so as to avoid stagnant zones of change the reaction rate and hence rate ^ generation of 
sotkfelfad^on they prevent the resin from flowing the heat of reaction, the *cmp«*m*< of Oujm yds 

• trough the holes when the bed b settled. stream entering the reactor is ad^sted «P*«dsand 

Airvfluid inert to the catalyst and reactants can also downwards to accommodate any change m the rate of 
be present in the recycle stream. An activator com- M heat generation. This ensures the malntemmcej o f an 

• poundTif utilized, is preferably added to the reaction essentially ^^^^^^^J^^ 
- system downstream Item heat exchanger 24. Thus, the instrumentation of both the flukibed bed and tbc recy- 

ISor may be fed into the recycle system from dis- cle stream cooling ; system i*j pfcourse. useM to detect 
-OZZ thl«Zh line 40. any temperature change hi the bed so as to enable either 

Tto essential * Teat* the fluid-bed reactor at a 40 the operator or a conventional automatic control sys- 
tempera^ Wow X Storing temperature of the tem to make a suitable adjustment m the temperature of 

polymer particles to ensure that sintering will not oc- the recycle stream. - , . 

cur^Krmg temperature is a function of resin Under a given set of operating condlhons. the jhiW- 
5™rity InB^nerS, polygene tow-density resins, for bed bed is maintained at essentially a extant he^,t by 
example, tavealoWlnteTing temperature and polyeth- 43 withdrawing a portion of the bed as P^d^at the rate 
yiene highHlenshy resins, for example, have a higher or forrnatfon of the particulate polymer pnta .Since 
King temperature. For example, temperatures of the rate of heat generation » directly related* Aerate 
from about 73* C to about 95" C. are used to prepare of product fetation, a measurement j of* 
ethylene copolymers having a density of from about ture rise of the fluid across the reactor (the difference 
0.91 «/cm3 totiout 0.9S g/W. while temperatures of 50 between inlet fluid teroperature and exit fluW tempera- 
fWabout l«T C. to abcS US' C. aroused to prepare tore) b Indicative of the rate of parhculate polymer 
e^tene copolymers or homopolymers having a den- formation at a constant fluid velocity if no vapomable 
sityof from about 0.95 g/cm> to about 0.97 g/em 3 . liquid is present in the inlet fluid. 

The fluid-bed reactor may be operated at pressures of On discharge of particular polymer product from 
up to about 1000 psi, and is for polyolefln resin produc- 53 reactor 10. it » desirable and P^^.*.° ^^"X 
Son preferably operated at a pressure of from about 100 from the product and to return the fluid to the recycle 
pri to^bout 350 «i. with operation at the higher pres- line 02. There are numerous ways known u> the art to 
Lures iTsuch^naes favoringheat transfer since an accomplish this. One preferred system is shown u, the 
"crease in pressurt Increases the unit volume heat ca- drawings. Thus, fluid and product leave reactor 10 at 
nadtTof ^h^Ias. « point 44 and enter product discharge tank 46 through 

The partudlVor totally activated precmsor composi- valve 48 which is deigned to have minimum ^"cUon 
tion and/or catalyst (hereinafter collectively referred to to flow when opened such as a ball valve. Positioned 
as catalyst) is injected into the bed at a rate equal to its above and below product discharge tank 46 are conven- 
ctnsumptfor? atTpoint 42 which is above distributor tional valves 50. 52 with the latter bang adapted to 
elate M. Preferably, the catalyst is injected at a point in 6S provide passage of product into product surge tank 54. 
fhe bed whe^ood'nSing of polymer particles occur,. Product surge tank 54 has venting me*u « D "stmted by 
Injecting the catalyst at a point above the distribution line 56 and gas entry means illustrated by Hoe 58. Also 
plate is an important feature for satisfactory operation positioned at the base of product surge tank 54, is a 
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discharge valve 60 which when in the open position 
discharges product for conveying to storage. Valve 50 
when in the open position releases fluid to surge tank 62* 
Fluid from surge tank 62 is directed through a filter 
absorber « and thence through a compressor 66 and 
into recycle line 22 through line 68. 

In a typical mode of operation, valve 48 is open and 
valves 50, 52 are in a closed position. Product and fluid 



The ethylene homopolymers have a density of about 
£0.958 to £0.972 gm/cc, 

The ethylene copolymers have a density less than 
about (196 gm/cc The density of the ethylene copory- 
mer, at a given melt index level for the copolymer, is 
primarily regulated by the amount of the G> to Cecorno- 
nomer which is c ©polymerized with the ethylene, ha the 
absence of the comonomer, the ethylene would 
hcrmopolymerize to provide polymers having a density 



enter product discharge tank 46 Valve 48 closes and hwnopojymeme to pxoviae poiymers navmg a ocxnn y 
te^SS U^edto settle in product discharge 10 of about £0.96. ^^ c ^^«^^^ 
tank 46. Valve 50 is then opened permitting fluid to >«S«" •maimts of tbe comonomers to the copolymers 
flow from product discharge tank 46 to surge tank 62 
from which it is continually compressed back into recy- 
cle line 22. Valve 50 is then closed and valve 52 is 
opened and any product in product discharge tank 46 
flows into product surge tank 54. Valve 52 is then 
closed. The product is purged with inert gas, preferably 
nitrogen, which enters product surge tank 54 through 

HT^Jf? ^ V "^^^^nf s J^^ 8 v2^ 20 order of C3<C4<Cs<C6<C 7 <Cs. 
discharged from product *^Ja*k 9 * through valve When made in the fluid-bed process described herein, 



15 



larger i 

results In a progressive lowering of the density of the 
copolymer. The amount of each of the various C3 to Cs 
conomoners needed to achieve the same result wfll vary 
from monomer to monomer, under the same reaction 
conditions, 

Thus, to produce binary copolymers of ethylene with 
the same density and melt index, larger molar amounts 
of the different comcnomers would be needed In the 



60 and conveyed through line 20 to storage. 

The particular timing sequence of the valves is ac- 
complished by the use of conventional programmable 
controllers which are well known in the art Moreover, 
the valves can be kept substantially free of agglomer- 
ated pyt^le* by installation of provisions for directing 
a stream of gas periodically through the valves and back 
to the reactor. 



ethylene polymers are granular materials which have a 
settled bulk density of about 15 to 32 pounds per cubic 
foot and an average particle size of the order of about 
25 0.005 to about 0.06 Inches- Particle size is important for 
the purposes of readily fleddizmg the polymer particles 
in the fluid-bed reactor, as herein described. 

In accordance with the present invention, a process is 
provided for increasing the space time yield of polymer 



Another preferred product discharge system which ^ production in a fhridized bed reactor employing on 



may be alternatively employed is that disclosed and 
claimed in the copending U.S. patent application of 
Robert O. Aronson filed July 28, 1981, Set. No. 
287,815, now abandoned and entitled Fluidizcd Bed 
Discharge System. Such a system employs at least one 35 
(parallel) pair of tanks comprising a settling tank and a 
transfer tank arranged in series and having the separated 
gas phase returned from the top of the settling tank to a 
point in the reactor near the top of the fluidizcd bed. 
Such alternative preferred product discharge system 40 
obviates the need for a recompression line 64, 66, 68, as 
shown h> the system of the drawing. 

The flmdlzed-bed reactor is equipped whh an ade- 
quate venting system (not shown) to allow venting the 



bed during start up and shut down. The reactor does not 45 practiced. 



exothermic polymerization reaction by cooling the re- 
cycle stream to below its dew point and returning the 
resultant two-phase fluid stream to the reactor to mam- 
tain the flmdizedbed at a desired temperature above the 
dew point of the recycle stream. The cooling capacity 
of the recycle stream is increased both due to the 
greater temperature differential between the entering 
recycle stream and the reactor and by the vaporization 
of the condensed liquids entrained in the recycle stream. 

It has, therefore, been found that the dew point limi- 
tation on the recycle stream broadly held heretofore by 
those skilled in the art, as pointed out hereinabove, has 
been unduly limiting and restricting. It has been found 
that such Limitations are erroneous and need not to be 



require the use of stirring and/or wall scraping. The 
recycle line 22 and the elements therein (compressor 30, 
heat exchanger 24) should be smooth surfaced and de- 
void of unnecessary obstructions so as not to impede the 
flow of recycle fluid or entrained particles. 

Among the polymers which may be produced in the 
process of the present invention are hontopolymers of 
ethylene, propylene, butene or copolymers of a major 
mole percent of ethylene, propylene or butene and a 
minor mole percent of one or more C2 to Cs alpha-ole- 
fins. The C2 to Cs alpha-olefins preferably should not 
contain any branching on any of their carbon atoms 
which is closer than the fourth carbon atom. The pre- 
ferred Ca to C$ alpha-olefins are ethylene, propylene, 



The amount of condensation, and thus die increase in 
production rate, can be further enhanced by altering the 
process conditions so as to increase the dewpoint of the 
recycle stream. It has been found that the amount of 
30 condensation of liquid ha the recycle stream can be 
maintained at up to about 20 percent by weight, prefera- 
bly up to about 10 percent. This degree of condensation 
Is achieved by maintaining the outlet temperature from 
the cycle heat exchange zone so as to effect the required 
55 degree of cooling below the dew point of the mixture. 

EXAMPLE 1 

In an example of the process of the invention* a fluid- 
ized bed gas phase react) on system, as described above 



butene-1, pentene-1, hexene-1, 4-methylpentene-l and 60 was operated with a partially condensed recycle stream 



octeae-1. 

The ethylene polymers, for example, have a melt 
flow ratio of over about 22. The melt flow ratio vahie is 
another means of indicating the molecular weight distri- 
bution of a polymer* A melt flow ratio (MFR) of 22 65 
thus, for example, corresponds to a Mw/Mn value (as 
determined by <amventional size exclusion chromatog- 
raphy) of about 2.7. 



to produce an hexene- 1 /propylene/ethylene copoly- 
mer, under the following conditions: 
Recycle Stream Composition (mole percent): 
Nitrogen— 34.7 
Ethylene— 38.1 
Ethane— 8.9 
Propylene — 5.1 
Hexene-1- — 4.8 
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Hydrogen— 13 

Methane— (XI . , 

Recycle Stream Dewpomt: 57.8* C> {at the pressure of 
the heel exchanger) 

Reactor Gas Inlet Temperature: 48* C- 

Liquid in Cycle Gas: 4.6 wt. percent 

Catalyst: a complex of tetfehydrofbran, magnesmm 
chloride and titanium chloride reduced with diethyl 
aluminum chloride (diethyl aluminum chloride- to- 
tetrafaydrofunm molar ratio of 0-4) and trl-n-hexyi 
aluminum (tri-n-hexyl aluminium-to-tctrahydrofuran 
molar ratio of 0-4) Impregnated on triethyl aluminum 
treated silica dioxide. 

Reactor Temperature: 83* C 

Reactor Pressure: 270 psig - 

Siiperficial Gas Velocity in the Fluidized Bed: 213 feet/- 

BcdHeight: 37 feet 

Bed Diameter. 8 feet 

Space Time Yield: 5.1 lb/ft 3 hr 

Melt Index of Kesiu: 1.0 dg/min 

Density of Resin: G.9 18 gm/cc 

Activator: triethyl aluminum 



29 



30 



33 



EXAMPLE la 

The following example was carried out under essen- 
tially identical operating conditions as Example 1, dif- 
fering only with respect to the cooling of the recycle 
stream and the rate of catalyst injection, 
Recycle Stream Composition (mole percent): 

Nitrogen — 3&5 

Ethylene— 38.2 

Ethane— 11.2 

Propylene — 5.0 

Hexenc-1 — 4.1 

Hydrogen — 4^8 
Methane None detected 

Recycle Stream Dew Point: C. (at the pressure 
of the heat exchanger) 

Reactor Gas Inlet Temperature: 60.6' C. 40 
liquid in Cycle Gas: Zero 
Reactor Temperature: 874" C 
Reactor Pressure: 270 psig 

Superficial Gas Velocity in the Fluidized Bed: 2.0 ft/sec 
Bed Height: 37 feet 45 
Bed Diameter: 8 feet 
Space Time Yield: 2.0 lb/ft 3 hr 
Melt Index of Resin: 1.0 dg/min 
Density of Resin: 0.918 gm/cc 

Activator; triethyl aluminum 50 
It is to be noted that operation below the dew point of 
the recycle stream, as in Example 1, resulted in an in- 
crease in space time yield (pounds of resin produced per 
cubic foot of bed per hour) which was approximately 
2.5 times those obtained without the employment of the 33 
liquid phase in the recycle stream, as in this Example la, 

EXAMPLE 2 

In another Example, employing butene-1 rather than 
propylene and hexene-l as the other alpha-olefin mono- 60 
mer t the following conditions were maintained: 
Recycle Stream Composition (mole percent) 



Hydrogen — 6\3 
Ethylene— 57.8 
Butene-1— 26.7 
Inerts — 9,2 

5 Recycle Stream Dewpoint: 49,7" C. (at the pressure of 
the heat exchanger) 
Reactor Gas Inlet Temperature: 47.2 C 
Liquid in Cycle Gas; 1.2 wt. percent 
Catalyst: a complex of tetrahydrofbran, magnesium 
10 chloride and titanium chloride reduced with tri-n- 
hexyl aluminum only (tri-n-hexyi ahimdnum-to-tet- 
rahydrofuran molar ratio of 0.7) impregnated on tri- 
ethyl aluminum treated silica dioxide. 
Reactor Temperature: 87.3* C 
15 Reactor Pressure: 269 psig 

Superficial Gas Velocity En the Fluidized Bed: 2.0 R/sec 
Bed Height: 37 feet 
Bed Diameter: 8 feet 
Space Time Yield; 6.2 lb/ft*hr 
20 Melt Index of Resini 1.0 dg/min 
Density of Resin: 0.91* gm/cc 
Activator; triethyl aluminum 

EXAMPLE 2a 

The following example was conducted under condi- 
tions similar to those employed in Example 2 but with- 
out condensed liquid in the recycle gas stream. 
Recycle Stream Composition (mole percent); 
Hydrogen — 4.5 
Ethylene— 59-3 
Butene-1 — 26.7 
Inerts— 9.5 

Recycle Stream Dew Point: 44.1" C (at the pressure of 

the heat exchanged) 
Reactor Gas Inlet Temperature: 56" C. 
liquid in Cycle Gas: Zero 

Catalyst: A complex of tetrahydroftran, magnesium 
chloride and titanium chloride reduced with tri-n- 
hexyl aluminum only (tri-n-hexyl ahiniinum-tc-tet- 
rahydrofuran molar ratio of 0,7) impresantcd on tri- 
ethyl aluminum treated silica dioxide. 
Reactor Temperature: 83.7° CX 
Reactor Pressure: 265 psig 

Superficial Gas Velocity in the Fluidized Bed: 2.14 

ft/sec 
Bed Height: 37.3 feet 
Bed Diameter: 8 feet 
Space Time Yield: 3.7 lb/ft 3 hx 
Melt Index of Resin: I JO dj/min 
Density of Resin: 0.918 gm/cc 
Activator: triethyl aluminum 



EXAMPLES 3-8 
The six following examples in tabular form set forth 
further information for practicing the process of the 
invention employing various condensing recycle 
streams for enhanced cooling of the fluidized bed in the 
polymerization of hexene- 1 /butene-1 /ethylene, 
ethylene/propylene, etbylene/butene- 1, pentene- 
1 /ethylene, as well as the use of tso-pentane as an inert 
fluid in the polymerization of butene-l/ethylene and 
ethylene, respectively. 



Example No. 



Product 

Recycfe Stream 



C6/C4/C2 CVCj C2/C4 C$/C2 C4/C2 
Copolymer Copolymer Copolymer Copolymer Copolymer 



HontopoJyrRcr 
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-continued 
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"At fbepresm* cribs hoi 

The space time yldd improvements achieved by the 
practice of this invention are the result of the increased 
cooling capacity of the recycle stream. This increased 
capacity is due both to the greater temperature differen- 
tia] between the entering recycle stream and the bed 35 
temperature and to the evaporation of condensed liquid 
entrained in the recycle stream. 

It wilt be appreciated that increased cooling is 
achieved not only by evaporation of entering entrained 
liquid, but also by the overall reduction in the tempera- 40 
rate of both the gas and liquid phases of the recycle 
stream In comparison to previously known methods of 
operation of fluidized bed reactor systems. 

Although the process of the invention can be applied 
to increase the production rate from existing and new 45 
commercial reactors, the invention also has the poten- 
tial of reducing equipment cost in new reactors. For 
ejcamnle, plants designed according to the prior art for 
the production of certain ethylene copolymers made 
using hexene-1 as an other alpha olefin must have larger 30 
diameter reactors due to the lower space time yield. 
Since this invention increases the space time yield for 
products made with hexene-1 to that of conventional 
butene-l/ethylene copolymers, the extra cost associated 
with the larger diameter reactor can be eliminated by 55 
practicing the present invention. Alternately, the large 
diameter reactor can be retained and the velocity of the 
recycle stream reduced* resulting in lower capital and 
operating costs for the cycle gas compressor. 

Advantages of this invention over other heat removal 60 
methods which use condensed liquids include the sim- 
plicity of this invention, good liquid distribution, maxi- 
mum heat removal, and uniform gas stream composition 
in the polymerization zone as a result of introducing the 
two-phase recycle stream in the lower regions of the 65 
reactor. No liquid collection, separation, or injection 
equipment is required and the liquids are dispersed in 
the stream entering die fluidized bed over the entire 



cross-sectional area, avoiding temperature gradients 
and high local concentrations of liquid around injection 
means. 
What is claimed is: 

L In a continuous gas fluidized bed polymerization 
process for the production of polymer from monomer 
by continuously passing a gaseous stream comprising 
said monomer through a lluidized bed reactor in the 
presence of catalyst under reactive conditions, with- 
drawing polymeric product and a stream comprising 
on reacted monomer gases, cooling said stream compris- 
ing unreacted monomer gases and returning said cooled 
stream to said reactor together with sufficient additional 
monomer to replace that monomer polymerized and 
withdrawn as product, the improvement which com- 
prises: cooling part or all of said stream comprising 
unreacted monomer gases to form a mixture comprising 
a gas phase and a liquid phase and reintroducing said 
mixture into said reactor wherein said liquid phase is 
vaporized. 

2. An improved process according to claim 1 wherein 
said stream comprising unreacted. gases is compressed 
prior to cooling. 

3. An improved process according to claim 1 wherein 
means are provided to maintain said liquid phase en- 
trained in said mixture until such time as said liquid 
phase is vaporized. 

4. An improved process according to claim 1 wherein 
an inert condensible fluid is present in said mixture to 
raise the dew point of said mixture. 

5. An improved process according to claim 4 wherein 
said inert condensible fluid is a saturated hydrocarbon, 

6. An improved process according to claim 1 wherein 
said liquid phase of said mixture is less than about 20 
percent by weight of the total weight of said mixture. 
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smd liqmd phase of saw ^™ !V^/'T mi - mrc lower gas diffusion zone, which comprises: 
percent by weight of the total weight of said mixture. f^ t ZT f z nueMslv oassin* a aaseous stream comprising 
8. An improved process according Jo claim 1 wheron sld ^Stion zone with 

Point below .be ft ZSuoS- (4)tSy withdrawing a stream of unreacted 

SKIirtM S^JSSW-?S! f 2£ coning monomer from ^d p^. 

Adta&?rtU lUdM bed is at least &n to tion zone, compmsmg yd ^^"fj^! 0 * 

^orSbStd to malntmn it in a fiuidi-d coed, „ ^^^J^^^J^l 

&tal H* asentolryunK In composition and polymerization zone wherem said llquw phase is 

^^ttSldS^ M M X^aocordin 8t odau.l9wher f anin^ 
^esSnX^^^uahwni^^do -^^J— » - ' 10 — *" 

n °5, pa: ?'„ nrncess accordine to claim 1 21. An improved process according to claim 20 

Jlr^J^^^o^T ^ V^ 25 wherein said taek extensible fluid is a saturated by- 
monomer polymerized and withdrawn as product, is dro carbon. , . ft . . ^ 

mmrfneed JntOMMreactor in liquid form, below the 22. A process according to claim 19 wherem the 

^AThSS? Socess according to claim 1 30 *aT~ according to cjata 19 < 
wb^cin s« ! d addition^ monomer added to replace liquid phase of said indue less than about 10 percent 
StSh and withdrawn as product is by weight of the total weight or said mixture. 
Sr^cedteto^SrS^oro prior to entry of said mix- 24. A process according to claim 19 wberemtheflow 
ErJS reactor rate of said mixture and the ratio of gas to liquid m said 

TjT/Zb TtaJovS" process according to claim 1 35 mixture are maintained at levels sufficient tomaintain 
whereingw dCl.otor'means is provided immediately said liquid entrained m said gas ^tu vapored, 
below thefhildlzed bed and above the region wherein 23. A process aceordmg to clam, 19 wtereta , thegas 
»idmi«ure is introduced into said reactor. stream flowing npwardly through the teUtonlM is 

14. An Improved process according to claim 1 essentially uniform in composition and moving™ a 
W h«lr^sXrnXre^rTwlthln said reactor is from 40 manner through said bed such that the entire bed « 
about ^ositoabout 350 psi maintained in a fiuidized condition and with essentially 

An tatSovSl ptocS: according to chum 1 no dead spaces through which pses do notp** 
wherein said monomer is m alpha olefin monomer hav. 26. A process according to chum 19 wherein art*, 
tasfcom two to four carbon atoms alone or in admix- tional monomer in liquid or gaseous form » added 
mXfifiL or more other alpha olefin monomers 45 below the «m and atornea rtterat 

having from two to eight carbon atoms. of entry of said iwxture into said reactor to replace 

iT aV unproved process according to claim 15, monomer polymerized and wtthdinwn as product, 
wherein said monomer is ethylene alone or in admixture 27. A process according to claim 19 wherem addi- 
with one or more other alpha olefin monomers having tional monomer is added to replace monomer polymer- 
from two to eight carbon atoms. 50 ized and withdrawn as product by injection into saM 

17. An improved process according to claim 15, mixture prior to entry or said mixture into the reactor, 
wherein said monomer is propylene alone or in admix- 28. A process according to claim » wherein gas 
toe^'th OrTor W,re other alpha olefin monomers distributor means is provided immediately below said 
having from two to eight carbon atoms. polymerization zona. . , A 

Id. A method for controlling the temperature of a gas 55 29. A process according to claim 19 wherein the 
fiuidized bed during the production of polymer in a internal pressure withm said reactor is from about 100 
fiuidized bed reactor by an exothermic polymerization psi to about 350 psi • „„ . . . . 

r Sn ( which comprises continuously introducing 30. A process according to chum 19 wherein said 
She bed a stream Comprising unreached monomer polymer is produced by reaction of an alpha olefin 
gas cooled to below the maximum desired temperature 60 monomer having from two to four carbon atoms alone 
within said bed and simultaneously or separately intro- or in admixture with one or more other alpha olefin 
during a stream of liquid Into said reactor under condi- monomers having from two to eight carbon atoms, 
tions such that an essentially uniform mixture of said gas 31. An unproved process according to claim 30, 
and liquid is introduced into said bed at a level below wherein said monomer is ethylene alone or in admixture 
the region of maximum desired temperature within said 65 with one or more other alpha olefin monomers having 
reactor wherein said liquid is vaporized. from two to eight carbon atoms. 

19 A process for producing polymer from monomer 32. An improved process according to claim 3U, 
by an exothermic polymerization reaction in a gas fluid- wherein said monomer is propylene alone or m admix- 
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ture with one or more other alpha olefin monomers 
having from two to eight carbo n atoms. 

33. a method for controlling the temperature of a 
flmdized bed during the prod action of polymers in a gas 
fluidized bed reactor by an exothermic polymerization 
reaction which .comprises continuously Introducing a 
stream comprising an essentially uniform gas-liquid 
mixture containing mono m er into said bed wherein said 
liquid is vaporized. 

34. In a continuous gas fluidized bed polymerization 
process for the production of polymer from monomer 
by continuously passing a gaseous stream comprising 
said monomer through a fluidized bed reactor in the 
presence of catalyst under reactive conditions, with- 
drawing polymeric product and a stream comprising 
unreacted monomer gases, cooling said stream compris- 
ing un reacted gases and returning said cooled stream to 
said reactor together with sufficient additional mono- 
mer to replace that monomer polymerized and with- 
drawn as product, the improvement which comprises: 
cooling part or all of said stream com prising unreacted 
gases to form a mixture comprising a gas phase and a 
liquid phase and reintroducing said mixta rc into said 
reactor wherein said liquid phase is volatilized; said ^ 
gaseous stream passing through said fluidized bed reac- 
tor at a superficial velocity sufficient to snaintain a via- 
ble fluidized bed. 

33. A process for producing polymer from monomer 



10 
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36. A process for producing polymer from monomer 
by an exothermic polymerization reaction in a gas fluid- 
ized bed reactor having an upper polymerization zone 
containing a bed of growing polymer particles and a 
lower gas diffusion zone, which comprises: 

(1) continuously passing a gaseous stream comprising 
monomer through said polymerization zone with 
an upward velocity sufficient to maintain said parti- 
cles in a suspended and gas fluidized condition; 

(2) introducing a polymerization catalyst into said 
polymerization zone; 

(3) withdrawing polymer product from said polymer- 
ization zone; 

(4) continuously withdrawing a stream of unreacted 
gases comprising monomer from said polymeriza- 
tion zone, compressing and cooling said stream to a 
temperature below the dew point of said stream to 
form a mixture comprising a gas phase and a liquid 
phase; 

(5) continuously introducing said mixture into said 
polymerization zone wherein said liquid phase is 
vaporized; and 

(6) controlling the temperature of said mixture so as 
to maintain constant temperature in said polymeri- 
zation zone, as the change in polymerization cata- 
lyst feed is varied to control the rate of said poly- 
merization. 

37. In a continuous gas fluidized bed polymerization 
process for the production of polymer from monomer 



by an exothermic polymerization reaction in a gas fluid- ^ oonmrismg ethylene and/or propylene by continuously 



ized bed reactor having an upper polymerization zone 
containing a bed of growing polymer particles and a 
lower gas diffusion zone, which comprises: 

(1) continuously passing a gaseous stream comprising 
monomer through said polymerization zone with 
an upward velocity sufficient to maintain said parti- 
cles in a suspended and gas fluidized condition; 

(2) introducing a polymerizanon catalyst into said 
polymerization zone in an inert gas stream at a 



passing a gaseous stream comprising said monomer 
through a fluidized bed reactor in die presence of cata- 
lyst under reactive condi turns* withdrawing polymeric 
product and a stream comprising unreacted gases, com- 
35 prising monomer* cooling said stream comprising unre- 
acted gases and returning said cooled stream to said 
reactor together with sufficient additional monomer to 
replace that monomer polymerized and withdrawn as 
product, the improvement which comprises; cooling 



point 20-40% of the diameter away from the reao 40 part or all of said stream comprising unreacted gases to 



tor wall and about 5-30% of the height of the bed; 

(3) withdrawing polymer product from said polymer- 
ization zone; 

(4) continuously withdrawing a stream of unreacted 
gases comprising monomer from said polymeriza- 45 
tton zone* compressing and cooling said stream to a 
temperature below the dew point of said stream to 
form a mixture comprising a gas phase and a liquid 
phase; and 

(5) continuously introducing said mixture into said SO 
polymerization zone wherein said liquid phase is 
vaporized. 



form a mixture comprising a gas phase and a liquid 
phase and reintroducing said mixture into said reactor 
wherein said liquid phase b vaporized. 

38. An improved process according to claim 37 
wherein said monomer comprises ethylene in admixture 
with one or more other alpha olefin monomers having 
from two to eight carbon atoms. 

39. An improved process according to claim 37 
wherein said monomer comprises propylene in admix- 
ture with one or more other alpha olefin monomers 
having from two to eight carbon atoms. 



53 



60 



65 
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UNITED STATES PATENT AND TRADEMARK OFFICE ^ g . 

CERTIFICATE OF CORRECTION oew^ 

PATENT NO. ; 4,543,399 JAN | 8 2Qffi 

DATED : September 24, 1985 

INVENTOH(S) ; J.M. Jenkins, III; R.L. Jones; T.M. Jones; S. Beret 

It is certified that error appears in the ab oveidentified patent and that said Letters Patent is hereby 
corrected as shown below: 

In the title page. Item 75. "John H. Jenkins, III; Russell L. Jones, 
in wiv v y ^ Charleston; jhoroas M. Jones, 

Dunbar, all of W. Va." should read 

John H. Jenkins, III; Russell L. Jones, 
both of South Charleston; Thomas M. Jones, 
Dunbar, all of W. Va.j Saroll Beret of 
Danville, Ca. — 



Colum 10, line 20; 



"C3<C4<C5<C$<C7<C8 B should read 
— C3>C4>Cs>C6>C7>C8 — 



Signed and JBealtd this 

Fourteenth jD*y of January 1986 

[SEAL] 



Attest 

DONALD J. QUKG 

AtteMtimg Officer 
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